ABSTRACT: Monobothrium wageneri is a monozoic caryophyllidean tapeworm of tench Tinca tinca. The pathological changes caused by this parasite within the intestinal tract of wild tench are described for the first time. Parasites were found attached to the anterior third of the intestine in tight clusters comprising up to 109 tapeworms. Infection was associated with the formation of raised inflammatory swellings surrounding the parasites. This host response, combined with the deep penetration of the scolex into the gut wall, formed a very firm seat of parasite attachment. Histopathological changes were characterised by a pronounced fibrogranulomatous lesion that extended through all layers of the intestine. This was accompanied by haemorrhage, oedema, necrosis and degeneration of the muscularis. A marked eosinophilic interface layer between the scolex of the tapeworm and gut wall indicated intimate host -parasite contact. Ultrastructural examinations revealed coniform spinitriches covering the neck and lateral sides of the scolex and capilliform filitriches present on the apical end of the scolex. Numerous glandular cytons (tegumental glands) were recorded throughout the scolex tegument. Large numbers of secretory granules discharged from the glands through a network of processes onto the scolex surface were consistent with distancing the cellular responses of the host. Observations of severe inflammatory lesions, partial intestinal occlusion and the potential for intestinal perforation represent important pathological changes that are consistent with loss of normal gut function. The lesions associated with the attachment of M. wageneri are more severe than those recorded for any other tapeworm of British freshwater fish. 
INTRODUCTION

Monobothrium wageneri
is a monozoic caryophyllidean tapeworm of tench Tinca tinca L. The parasite was first described (as Caryophyllaeus tuba) from wild tench in northern Italy (see Nybelin 1922) . Established populations have since been recorded from Poland (Janiszewska 1954) , former Czechoslovakia (Scholz 1987) , former USSR (Protasova et al. 1990 ), England (Gibson 1993) , and Germany (Sures et al. 1997) . M. wageneri is one of a number of tapeworms introduced to the UK with the international trade in cyprinid fish (Gibson 1993) . Other recent examples include Atractolytocestus huro nensis Anthony, 1958 , Khawia sinensis Hsü, 1935 and Bothriocephalus acheilo gnathi Yamaguti, 1934 (Bothriocephalidea) , all of which have received considerable attention as potential pathogens of common carp Cyprinus carpio L. (Andrews et al. 1981 , Hoole & Nissan 1994 , Morley & Hoole 1995 , Hoole et al. 2001 , Oros et al. 2009 ). By contrast, literature on M. wageneri is sparse and confined largely to morphological descriptions (Kozicka 1959 , Dubinina 1987 , Scholz 1987 , Protasova et al. 1990 , Scholz et al. 1992 . These reports shed limited light onto our understanding of the pathological importance of this parasite to infected tench.
The genus Monobothrium Diesing, 1863 comprises 7 species, which may be divided into 2 morphologically and geographically distinct groups (Mackiewicz 1972) . M. hunteri Mackiewicz, 1963 , M. ul meri Calentine and Mackiewicz, 1966 , M. ingens Hunter, 1927 , M. fossae Williams, 1974, and M. mackiewiczi Williams, 1974 , all infect North American catostomid fishes (Mackiewicz 1963 , Williams 1974 , Hoffman 1999 . M. wageneri and M. auriculatum Kula kovskaya, 1961 are the only European representatives of this genus, the latter species having been documented on only one occasion from Ukraine (Kulakovs kaya 1961).
Previous studies state that North American species of Monobothrium may be pathogenic due to the severe lesions that result from their attachment (Mackiewicz 1972 , Hayunga, 1979a . Observations by Janiszewska (1954) suggest this may also be true for M. wageneri. Conversely, during a review of parasite introductions to British freshwater fish, Kennedy (1994) described M. wa generi as non-pathogenic and of lesser pathological importance than Khawia sinensis and Bothriocephalus acheilognathi. It was not clear how such comparisons were made, as, until now, the pathology caused by M. wageneri has not been described. This represents an important area of study in view of the dangers posed by non-native parasite introductions (Kennedy 1994 , Kirk 2003 , Gozlan et al. 2005 ) and the importance of tench to freshwater fisheries in the British Isles (Environment Agency 2004) .
The present study describes the histopathological changes caused by Monobothrium wageneri within the intestinal tract of tench. The ultrastructure of the host -parasite interface is also examined to establish the relationship between tapeworm attachment and the host responses to infection.
MATERIALS AND METHODS
Fish sampling and examination
Records of Monobothrium wageneri from freshwater fisheries in England and Wales were collated from a database of fish-health records held by the Environment Agency, Brampton, England. Material for examination comprised of formalin-fixed, archived tissues collected during historic parasitological examinations by the senior author (C.F.W.). This material was supported by an additional sample of 20 tench, obtained from an infected stillwater fishery in the Midlands region of England. Fish were captured by seine-netting and transported live to holding facilities at the Environment Agency.
Tench were killed by anaesthetic overdose using benzocaine solution. Each fish was measured, weighed, and examined grossly for the presence of external abnormalities. The intestinal tract was re moved in its entirety, opened and examined under a dissecting microscope for parasites. A small number of tapeworms were removed from the gut, fixed in cold 10% buffered formalin, stained in para carmine, and examined microscopically to confirm identification. Voucher specimens of Monobothrium wageneri were deposited in the Natural History Museum, London (accession number 2009. 11.13.1-3).
Histopathology and electron microscopy
Regions of infected intestine were fixed in 10% neutral buffered formalin (NBF), trimmed, dehydrated in alcohol series, cleared and embedded in paraffin wax. Sections (5 µm) were dried at 50°C, stained using Mayer's haematoxylin and eosin and examined microscopically for pathological changes.
Tissues for scanning electron microscopy were fixed in 10% NBF, dehydrated in a graded alcohol series, critically point dried in CO 2 , sputter-coated with gold and viewed with a JEOL-7401F scanning electron microscope operating at 15 kV. Tissues for transmission electron microscopy were fixed overnight at 4°C using 2% glutaraldehyde in 0.1 M phosphate buffer (pH = 7.2). Trimmed samples were postfixed for 1h in 1% osmium tetroxide and then routinely processed into Spurr's resin. Sections were mounted on uncoated grids and stained with uranyl acetate and lead citrate and examined using a JEOL-1010 transmission electron microscope operating at 80 kV.
RESULTS
Distribution and infection characteristics
Monobothrium wageneri has been recorded from 15 stillwater fisheries in England and Wales. These sites are located primarily in the south east and Midland regions of England (Fig. 1) A total of 8 (40%) of the 20 tench examined during the study were infected with Monobothrium wagene ri. The intensity of infection ranged from 1 to 15 tapeworms per host (mean 4.1 parasites). Infected tench harboured both adult and juvenile tapeworms. Archived tissues from an additional 11 infected tench included fixed regions of the intestine from 2 heavily infected fish, each harbouring in excess of 100 tapeworms.
General attachment characteristics of
Monobothrium wageneri
Monobothrium wageneri were attached primarily within the anterior third of the intestine, usually in, or in very close proximity to, the first intestinal bend. Attachment involved penetration of the parasite's blunt, rounded scolex (Fig. 2) , deep into the intestine wall. Parasites were usually observed in tight clusters, consisting of between 3 and 109 tapeworms attached in discrete lesions (Figs. 3 & 4) . The heaviest infection observed during the study comprised of 117 tapeworms. This comprised 3 focal lesions within the anterior intestine consisting of 109, 5, and 3 tapeworms, respectively. These clusters contained worms measuring between 6 and 37 mm in length. Juvenile tapeworms, measuring as little as 3 mm, were found in only small numbers and did not show obvious signs of clustering.
Attachment of Monobothrium wa ge neri resulted in the formation of a raised, rounded nodule surrounding the tapeworms (Fig. 3) . Infections comprising as few as 4 tapeworms caused swellings that were visible from the outside of the intestine prior to dissection (Fig. 5) . These gross pathological changes, combined with the relatively large size and white colour of adult tapeworms, enabled straightforward detection du ring post-mortem examination. Conversely, the absence of noticeable swellings, combined with the smaller size and translucency of juvenile parasites, made detection problematic. This was particularly notable in large fish where very small worms protruded only a short distance beyond the intestinal folds.
Histopathological changes
During attachment, the scolex of Monobothrium wageneri extended deep into the lamina propria as far as the muscularis (Fig. 6 ). This resulted in compression of the scolex against the intestinal musculature. The focal attachment of tapeworms, lateral ex pansion of their scoleces and formation of a protuberant nodule within the intestine provided parasites with a very firm seat of attachment (Fig. 7) . This was often so firm that dissection of the intestinal tract was necessary to remove individuals without damage.
Infections of adult Monobothrium wageneri invoked a pronounced, progressive fibrogranulomatous response that extended throughout all layers of the intestine (Fig. 6 ). This chronic host reaction was associated with a complete loss of normal gut architecture and replacement of the mucosa, lamina propria and muscularis with in flammatory tissue. These changes were consistent for both light and heavy parasite burdens, with as few as 3 tapeworms causing full thickness enteritis, extending onto the serosal surface. The combination of tapeworms within the gut lumen and pronounced inflammatory swellings led to partial occlusion of the intestinal tract, even during light parasite infection (Fig. 8 ). This was most pronounced when tapeworms were attached at the first intestinal bend.
The inflammatory swellings surrounding Monobothrium wageneri comprised mainly fibroblasts, but also included lymphocytes, plasma cells, macrophages, and large numbers of eosinophilic granular cells. These severe fibrogranulomatous reactions were evident in stained sections as a pale eosinophilic halo surrounding the clustered scoleces (Fig. 6 ). During most infections, significant lymphoid or lympho-plasmacytic responses were observed. However, these were confined largely to regions beyond the halo of fibroblastic tissue (Fig. 9 ). Activation of the mesothelium on the peritoneal side of the intestine was frequently noted, with hypertrophy and hyperplasia of mesothelial cells. Haemorrhage, oedema and degeneration of the muscularis accompanied the heaviest parasite infections. In these cases, pathological changes to the muscle layers extended far beyond the immediate point of parasite penetration. Two lesions comprising 109 and 4 parasites, respectively, had pathological changes consistent with early stages of intestinal perforation.
The presence of a marked eosinophilic layer around the anterior most region of the scolex indicated intimate host -parasite contact (Fig. 10) . However, reduced numbers of inflammatory cells were recorded in this region, with only occasional eosinophilic granular cells and red blood cells interspersed within the fibroblastic tissue (Fig. 11) .
The pathological changes caused by juvenile Monobothrium wageneri differed to those associated with established adult tapeworms. Such infections were characterised by a loss of epithelium adjacent to the scolex and neck of the parasite, but less severe 
Ultrastructural observations of Monobothrium wageneri
There were regional differences in the forms of microtriches covering the tegument of the scolexneck region of adult Monobothrium wageneri. Differences were also recorded in the content of cytoplasmic inclusions within the distal tegumental layer of this body region (Figs. 12 to 16 ).
The neck of Monobothrium wageneri was covered with coniform spinitriches (see Chervy 2009 for unified terminology of cestode microtriches). These possessed a well-defined, tapered, electron-dense distal cap that pointed posteriorly and measured approximately 3 µm in length. The short cylindrical base of these microtriches measured approximately 0.8 µm in length and 0.4 µm in diameter (Figs. 13, 15, 16) .
The outer epithelial layer of the neck region of Monobothrium wageneri included numerous inclusions with electron-dense bodies and vesicles. The outer epithelium of the scolex region contained large numbers of vesicles and electron-dense secretory granules (Figs. 12, 14, 20) . The surface of the lateral portion of the scolex was also covered with coniform spinitriches that had a shorter distal cap (about 2 µm long) and longer base (about 1 µm). Between these, individual capilliform filitriches were observed (Fig. 14) . The anterior scolex region was only covered with capilliform filitriches that possessed a long, thin base measuring approximately 2 µm in length and 0.07 µm in diameter, and a thin cap measuring approximately 1 µm in length (Fig. 12) . Surface structures of the scolex region were embedded into a thick granular interface layer (Figs. 12, 14, 19) . Vesicles of different sizes were also observed within this layer (Fig. 12) , beyond which an array of host cells was observed, some of which were granulocytes, but most had the appearance of fibroblasts (Figs. 17 to 19) .
The tegumental layer of the anterior and lateral parts of the scolex of Monobothrium wageneri contained a network of processes filled with electrondense secretory granules of varying shapes (Fig. 19) . These secretions originated from glandular cell bodies, the processes of which were connected with the outer epithelium by cytoplasmic bridges, allowing the release of secretory granules into the epithelial layer (Figs. 12, 14, 19, 20) . These secretions were discharged onto the body surface as separate granules and were consistent with a merocrine mechanism (Fig. 20) . The discharge of these granules onto the anterior and lateral scolex regions of M. wageneri resulted in the formation of a homogeneous, finely granular interface layer between host and parasite, mea suring approximately 8 µm in thickness (Figs. 12,  14, 18, 19) .
DISCUSSION
The attachment of Monobothrium wageneri within the intestinal tract of tench was associated with pronounced pathological changes. Lesions were characterised by a chronic, active fibrogranulomatous enteritis, with progressive loss of mucosa, lamina propria, and muscularis. These are significant changes that suggest reduction of normal gut function within affected regions.
These observations share similarities with some tapeworms of North American catostomid fishes. According to Mackiewicz et al. (1972) , Monobothrium ingens, M. ulmeri, Hunterella nodulosa Mackiewicz and McCrae, 1967 and Biacetabulum biloculoides Mackiewicz and McCrae, 1965 tapeworms of freshwater suckers are pathogenic, due to the severity of inflammatory reactions caused by their infections and the resultant intestinal disturbance. Other workers have supported the pathological importance of North American species of Monobothrium, highlighting the need to elucidate the scolex characteristics of these tapeworms (Hayunga 1979b ). This paper is the first to describe the ultrastructural characteristics of M. wageneri and the pathological changes associated with this tapeworm within the intestines of tench.
The pathological changes associated with Monobothrium wageneri differ markedly from those caused by other intestinal tapeworms of European freshwater fish. These differences include the magnitude of the inflammatory response, the involvement of all layers of the intestine, and complete loss of gut architecture, even during light tapeworm burdens. It is proposed that these changes stem from a combination of factors, namely scolex morphology, depth of parasite penetration, focal attachment to the gut wall, and secretions from the tegumental glands. Although these factors are inextricably linked, the importance of each will be discussed briefly in turn.
Scolex morphology
According to Mackiewicz et al. (1972) , the severity of pathology caused by caryophyllidean cestodes is inversely proportional to the degree of scolex specialisation. Hamada & El-Naggar (2003) support this generalisation, highlighting that even subtle characteristics of scolex morphology of Monobothrioides chalmersius (Woodland, 1924) can influence tapeworm attachment and resultant pathological changes in Clarius gariepinus. Ibraheem & Mackiewicz (2006) described the scolex morphology, attachment characteristics and lesions associated with Wenyonia virilis Woodland, 1923 in Synodontis schall (Bloch et Schneider). These studies revealed how minute longitudinal ridges on the scolex of this parasite were an important influence on attachment behaviour and pathological changes within infected fish.
Monobothrium wageneri possesses a blunt, truncated scolex with shallow longitudinal grooves (Mackiewicz 1963 , Scholz 1987 . This lack of scolex specialisation (i.e. absence of hooks, suckers and bothridia) may, in part, explain the severity of lesions associated with tapeworms of this genus. However, this relationship does not apply to all species. Caryophyllaeides fennica (Schneider, 1902) , a common tape worm of bream Abramis brama and other cy prinid fish, also possesses a blunt, rounded scolex (Chubb et al. 1987 ) but attaches superficially to the gut wall, causing only localised mechanical damage and mild inflammatory responses (C. F. Williams pers. obs.). This suggests that the depth of scolex penetration, in addition to scolex morphology, is an important influence on the severity of pathological changes (Williams & Jones 1994) . Molnár (2005) emphasised the importance of depth of scolex penetration whilst describing the intestinal pathology of gryporhynchid cestodes in gibel carp Carassius gibelio (Bloch). Molnár (2005) compared the lesions associated with both larval and adult cestodes and concluded that most damage was caused by parasites with deeply embedded scoleces. During attachment, Monobothrium wageneri inserts its scolex deep into the intestine of tench as far as the muscularis. This may in part explain the severity of inflammatory changes observed within the intestine of tench (Williams & Jones 1994) . These responses may further benefit tapeworm attachment, engulfing the anterior region of the parasite in the absence of specialised scolex characteristics (Chakravarty & Tandon 1989) .
Depth of penetration
The attachment behaviour of Monobothrium wageneri differs from that of all other cestodes recorded from European freshwater fish. In contrast, Khawia sinensis and Caryophyllaeus laticeps use their fanshaped scoleces to engulf the intestinal folds, leading to relatively superficial alterations (Karanis & Taraschewski 1993 , Morley & Hoole 1995 , Hoole et al. 2001 . Attachment of 2 bothriocephalidean cestodes possessing paired bothria, Eubothrium crassum and Bothriocephalus acheilognathi, can be more forceful, but rarely breaches the epithelium (Hoole & Nisan 1994 , Bosi et al. 2005 . Deeper attachment behaviour is shown by Atractolytocestus huronensis, which inserts its highly mobile, arrow-shaped scolex into the intestinal crypts of common carp. This tapeworm causes mechanical disruption to the epithelium and stimulates cellular infiltrations that extend into the lamina propria . Attachment of Cyathocephalus truncatus in brown trout Salmo trutta L. involves deep penetration of its funnel-like scolex, which anchors the parasite very firmly to the mucosa. However, the pathological changes associated with M. wageneri far exceed these other species. This may be explained by the more invasive attachment behaviour of this parasite and the focal attachment of tapeworms within the intestinal tract.
Focal attachment
Most intestinal tapeworms attach in favoured regions of the intestine, but only a few species exhibit tight clustering behaviour (Mackiewicz & McCrae 1962 , Mackiewicz 1963 , 1968 . Focal attachment has been linked with other nodule-forming tapeworms (Mackiewicz & McCrae 1962 ), but it is not consistent with all (Chakravarty & Tandon 1989) . The mechanisms influencing clustered parasite attachment are believed to include host-derived cues, nutritional gradients within the gut, and chemical signalling by conspecific parasites or subsequent gut lesions. It has been suggested that this behaviour may benefit tapeworm reproduction, penetration of the intestine and nutrition (Kennedy 1983, L. F. Khalil pers. comm.) .
Although the focal attachment of Monobothrium wageneri limits the area of gut damaged by the parasite, the tight clustering of tapeworms accentuates the severity of individual lesions. Pronounced inflammatory nodules, leading to partial occlusion of the intestinal tract were recorded with infections com-prising as few as 3 adult tapeworms. Heavier infections, comprising between 6 and 109 tapeworms, revealed changes consistent with early intestinal perforation. Intestinal occlusion and rupture are unusual and extreme consequences of tapeworm infection (Williams & Jones 1994) . These are among the most serious impacts caused by intestinal tapeworms, which have been associated with nutritional disturbance, debilitation and even death of heavily infected fish (Körting 1994 , Hoole et al. 2001 ).
Ultrastructure of Monobothrium wageneri
Ultrastructural observations suggest that the micro triches covering the tegument of Monobothrium wageneri and secretions from the tegumental glands may have important influences on attachment behaviour, as well as the cellular responses of infected tench.
Two different types of microtriches were recorded covering the scolex and neck regions of adult Monobothrium wageneri. Coniform spinitriches with long distal caps were associated with the neck of the tapeworm. Coniform spinitriches, with shorter distal caps and longer bases, were also recorded along the lateral surfaces of the scolex. Capilliform filitriches were found covering the apical surface of the scolex. Such regional differences may be related to specific morphological adaptations of Monobothrium, where the anterior portion of the parasite is deeply embedded within intestinal nodules. The electron-dense, welldeveloped cap of spinitriches is thought to be involved in protection and anchoring of tapeworms within the intestine (Rothman 1963 , Kuperman 1988 , Jones 1998 , Caira & Littlewood 2001 . The presence of spinitriches with well-developed distal caps covering the neck and lateral scolex of M. wageneri may therefore aid parasite attachment, enabling the interdigitation of microtriches of neighbouring tapeworms as well as with the host microvilli along the lateral walls of the intestine. Although filitriches are associated primarily with nutrition, the presence of thin, capilliform filitriches deeply embedded within the interface layer between the intestine and anterior extremity of the scolex suggests that these may also serve as root-like structures during attachment to the gut surface. These microtriches, combined with the observed scolex secretions, are likely to be responsible for the very firm attachment of the scolex to the intestine. Tearing of the tegument during removal of M. wageneri, with microtriches remaining lodged within this host -parasite interface, supports this assumption.
Tapeworms possess a range of different glands within their scolex, the secretions from which may have different roles and effects on the host (Hayunga 1979a ,b, Richards & Arme 1981 , Kuperman & Davydov 1982 , Whittington & Cribb 2001 , Poddubnaya et al. 2007 . Although the function of these glandular elements remain speculative (Whittington & Cribb 2001) , it has been suggested that these may have an adhesive role, and may aid penetration of the scolex into the gut, protect the parasite against host res ponses or mechanical abrasions, or promote the breakdown of nutritional products (Mackiewicz 1972 , Hayunga 1979a ,b, Sircar & Sinha 1980 , Kuperman & Davydov 1982 , Davydov & Poddubnaya 1988 , Garo 2000 , Poddubnaya et al. 2007 ). Hayunga (1991) suggested that such secretions were responsible for the development of an adhesive interface between the scolex and intestine of caryophyllidean tapeworms.
The present study indicates that the secretions of the tegumental glands are consistent with the formation of the homogeneous, finely-granular interface matrix between the intestine of tench and the scolex of Monobothrium wageneri. This is supported by observations of glandular cytons within the tegument of the scolex, a fusion of secretory processes with the distal tegumental cytoplasm along the anterior and lateral scolex regions, an interfusion of secretory granules within the distal cytoplasm, and the active discharge of large numbers of finely glandular secretory granules directly onto the anterior and lateral scolex surfaces. Hayunga (1979a) described electron-lucent secretions from the syncytial tegumental glands of Hunterella nodulosa, a caryophyllidean tapeworm that causes nodule formation within the intestine of the white sucker Catostomus commersoni Lacépède. Richards & Arme (1981) detailed the scolex ultrastructure of C. laticeps, and highlighted greater lucency of the secretions originating from the syncytial tegumental glands of this parasite. These authors also highlighted the limited pathology caused by this tapeworm compared with other species of caryophyllideans. The glandular characteristics of other Monobothrium spp. have not been examined, making it difficult to assess the role of these secretions in the observed intestinal swellings. The absence of nodule formation during the attachment of M. hunteri studied by Mackiewicz (1963) suggests that this species may either possess different glandular elements, or exhibits alternative attachment behaviour.
It has been suggested that apocrine and/or microapocrine glands, responsible for the release of secre-tory products from adult Caryophyllidea, are modified tegumentary cells within the scolex (Hayunga 1979a ,b, Richards & Arme 1981 , Davydov & Poddubnaya 1988 , Kuperman 1988 . Histochemical and ex perimental examinations suggest that secretions from the tegumentary glands of caryophyllidean tapeworms consist of neutral glycoproteins that may assist in protecting the worm from the host's immune response (Davydov & Poddubnaya 1988) . The demarcation of fibroblasts around the scolex of Monobothrium wageneri, surrounded by a wider periphery of eosinophilic granular cells, adds weight to the likelihood that secretions from the tegumentary glands are responsible for distancing the cellular responses of infected tench. The potential for a parasiteinduced protective mechanism may in part explain the clustered attachment of M. wageneri, allowing tapeworms to establish where intestine integrity has already been breached and host defences compromised. The active discharge of large quantities of secretory products from the scoleces of longestablished tapeworms suggests that this remains an active process for the duration of infection.
The pathological changes caused by the attachment of Monobothrium wageneri exceed those described for all other intestinal tapeworms recorded from British and, possibly, European freshwater fish. This includes, among others, the caryophyllidean cestodes Khawia sinensis (Jara & Szerow 1981 , Morley & Hoole 1995 , Atractolytocestus huronensis , Cyathocephalus truncatus (Pallas, 1781) (Dezfuli et al. 2000) , and C. laticeps (Karanis & Taraschewski 1993) . The damage caused by M. wageneri is also more severe than that caused by the attachment of Bothriocephalus acheilognathi and Eubothrium crassum. However, comparisons with these bothriocephalidean cestodes are made with caution, as it is the strobila of these parasites rather than the scolex that may evoke the greatest pathological damage (Smyth 1969 , Bosi et al. 2005 .
Tapeworms are rarely the cause of mortality in wild fish populations (Williams 1965 , Rees 1967 , Ferguson 1989 , Williams & Jones 1994 , Dezfuli et al. 2008 ) and may exist in high numbers in apparently healthy hosts (Hayunga 1979a) . To date, no losses or clinical disease problems have been recorded in tench, suggesting these fish tolerate Monobothrium wageneri infection. However, there is growing awareness that tapeworms can adversely affect host fitness, organ function, growth, condition, behaviour, reproduction, tolerance to environmental stressors and susceptibility to other diseases , Granath & Esch 1983 , Hoffmann et al. 1986 , Schäperclaus et al. 1991 , Dick & Choudhury 1995 , Barber et al. 2000 , Hoole et al. 2001 , Bosi et al. 2005 , Borucinska 2008 ). These infections can be particularly problematic in juvenile fish (Williams 1965 , Körting 1975 , although the effects of parasitism can be difficult to identify and evaluate in natural water bodies (Feist & Longshaw 2008) . Although further studies are required to assess the importance of M. wageneri to infected tench populations, current observations suggests that this parasite is an undesirable addition to native aquatic environments, with the potential for considerable intestinal damage in parasitized tench. 
